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INTRODUCTION 


This  Quarterly  Technical  Summary  covers  the  period 
1  August  through  3 1  October  1981.  It  consolidates  the 
reports  of  Division  2  (Data  Systems)  and  Division  8 
(Solid  State)  on  the  Advanced  Electronic  Technology 
Program. 
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DATA  SYSTEMS 


DIVISION  2 

INTRODUCTION 


This  section  of  the  report  reviews  progress  during  the  period  1  August  through 
31  October  1981  on  Data  Systems.  Separate  reports  describing  other  work  ol  I)i\  ision  2 
are  issued  for  the  following  programs: 


Seismic  Discrimination 
Distributed  Sensor  Networks 

Defense  Switched  Network 
Technology 

Digital  Voice  Processing 

Digital  Voice  Interoperability 
Program 

Packet  Speech  Systems 
Technology 

Radar  Signal  Processing 
Technology 

Restructurable  VI. SI 

Multi-Dimensional  Signal 
Processing 
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DIGITAL  INTEGRATED  CIRCUITS 
GROUP  23 


I.  INTRODUCTION 

Phase  0  integrator  wafers  have  been  partially 
laser  programmed.  Laser  linking  and  cutting  con¬ 
tinues  to  be  100  percent  successful.  A  kinetic  model 
has  been  developed  which  fits  the  data  for  nitridation 
of  thin  oxide  films.  Silicon  gate  transistors  made  with 
thin  nitrided  oxide  have  been  shown  to  be  unaffected 
by  I  Mrad  (Si). 

II.  ADVANCED  CIRCUIT  DESIGN 

AND  SIMULATION 

A.  Phase  0  Integrator 

Fabrication  of  several  phase  0  integrator  restruc- 
turable  LSI  demonstration  wafers  was  completed. 
Two  wafers  were  mounted  in  40-pin  hybrid  circuit 
metal  headers.  One  of  these  was  extensively  tested  for 
breaks  and  shorts  in  the  power  and  interconnect  wir¬ 
ing.  It  was  then  programmed  with  the  laser  into  two 
functioning  4-bit  counters,  using  defect  avoidance 
techniques  to  work  around  defective  counters  and 
defective  w  iring.  Restructuring  of  wiring  on  this  wafer 
using  the  laser  programming  equipment  under  com¬ 
puter  control  was  then  successfully  demonstrated  to 
program  sponsors.  The  second  wafer  has  been 
mounted  and  partially  bonded.  It  w  ill  be  used  to  eval¬ 
uate  several  interconnect-wiring  test  algorithms  and 
then  connected  into  a  functioning  integrator. 

I  his  demonstration  has  shown  the  need  for  sev¬ 
eral  features  in  the  phase  I  integrator  and  FFT 
designs.  I  hese  include  the  ability  to  isolate  faulty 
regions  in  the  power  wiring,  to  test  local  interconnect- 
wiring  stubs  during  water  probing,  and  to  test  global 
wiring  using  links  to  test  wires.  In  addition,  it  is  desir¬ 
able  to  be  able  to  test  subsections  as  they  are  built  up 
net  by  net  during  wafer  programming,  especially  on 
marginal  wafers.  I  he  parasitic  drain  diodes  at  outputs 
and  the  clamp  diodes  at  inputs  help  in  testing  inter¬ 
connect  wiring  as  it  is  lormed.  Before  the  complete 


integrator  restructuring  can  be  demonstrated,  an 
autofocus  control  must  be  incorporated  and  the 
assignment  and  linking  software  made  operational. 
The  other  required  change,  an  improved  X-Y  table, 
has  recently  been  installed. 

Perhaps  the  most  important  result  so  far  is  the 
confirmation,  using  active  circuits,  that  laser  linking 
and  cutting  are  always  successful  if  positioning  accu¬ 
racy  is  maintained  and  that  no  metal  debris  problems 
occur  at  these  power  levels. 

B.  RVLSI  Spread  Spectrum  Integrator 

A  complete  set  of  reticles,  nine  levels,  has  been 
obtained  for  the  CMOS  phase  I  integrator  test  chip, 
and  processing  has  proceeded  through  the  first  two 
levels.  The  test  chip  is  8.67  X  9.21  mm  and  contains  3 
integrator  cells.  40  clock  drivers,  and  a  set  of  test 
devices.  The  integrators  have  large  lO  drivers  for  off- 
chip  connections,  and  may  be  scribed  and  packaged 
separately  for  testing.  The  clock  drivers  may  also  be 
separated  into  groups  of  5  for  packaged  testing. 

The  integrator  cell,  as  it  will  be  used  for  intercon¬ 
nection  on  the  wafer  (without  the  large  off-chip  It) 
drivers  but  with  small  test  pads),  is  3.09  X  1 .87  mm 
and.  with  the  exception  of  the  IO  drivers,  has  the  same 
configuration  as  the  test  integrator  cell.  Therefore, 
yield  and  performance  data  obtained  from  the  test 
chip  will  be  representative  of  the  integrator  cell. 

C.  FFT  for  Radar  Applications 

Mask  design  for  the  wafer-scale  CMOS  FFT'  is 
complete.  An  initial  process  run  has  begun  in  which 
the  FFT  reticles  will  be  stepped  unshuttered  onto  a 
2-in.  wafer.  T  hese  wafers  will  be  tested  for  cell  func¬ 
tionality.  but  will  not  be  properly  positioned  for  con¬ 
struction  ol  a  wafer-scale  device.  When  the  automated 
masking  blades  are  operational,  the  FFT  reticles  will 
be  stepped  onto  a  3-in.  wafer  in  a  manner  allowing 
interconnection  between  adjacent  cells. 


Presently  we  are  concentrating  on  creating  the 
software  needed  to  perform  the  complex  task  of  inter¬ 
connecting  the  130  individual  cells  needed  to  imple¬ 
ment  the  16-point  FFT.  The  goal  is  first  to  create  tools 
of  general  use  which  can  be  used  to  create  and  manipu¬ 
late  a  data  base  describing  wafer  interconnect.  These 
tools  will  then  be  used  in  assigning  and  linking  pro¬ 
grams  using  algorithms  specific  to  the  FFT  to  generate 
the  necessary  lists  of  "makes”  and  "breaks.” 

III.  RESTRUCTURABLE  VLSI 

TECHNOLOGY 

A.  Laser-Formed  Connections 

In  yield  tests  of  the  laser  links,  over  1500  VLSI 
linksfsee  15  May  1981  QTS)have heenattempted  with 
the  only  failure  being  due  to  a  large  misalignment  of 
the  target.  The  link  resistance  has  averaged  0.7  ±0.2  fl 
with  half  of  this  being  due  to  the  metal  lines  leading  up 
to  the  connection,  rather  than  the  link  itself.  Initial 
tests  on  300  of  the  100-A  oxide-barrier-protected  a-Si 
RVLSI  links  suggest  they  have  the  same  yield  as  the 
pure  a-Si  ones.  Also,  successful  connections  have  been 
made  on  the  RVLSI  design  shrunk  latterly  by  50  per¬ 
cent  to  10  Mm  X  10  pm. 

To  cut  bus  lines  reliably,  it  has  been  found  that 
the  a-Si  material  should  not  extend  beyond  the  metal 
line  edge.  Otherwise,  the  cutting  process  pushes  metal 
outw  ard  to  create  a  lateral  link  between  the  two  ends 
of  the  metal  line  through  the  Si.  Removal  of  the  a-Si  is 
sell  aligned,  so  it  requires  only  an  added  etching  step. 

We  are  investigating  the  use  of  this  phenomenon 
to  produce  laser-programmable,  lateral  links  with  a 
single  layer  of  metal.  We  have  produced  laser-formed 
links  across  metal  gaps  of  3.5  gm  w  ith  a  formed  link 
resistance  of  3  to  10  fl.  The  unformed  link  resistance 
was  greater  than  10'  11. 

B.  Link  Reliability  and  Structure 

Unformed  links  have  now  been  stressed  at  12  V 
and  room  temperature  for  3000  h  with  no  failures. 


Formed  links  have  been  stressed  at  200" C  and  no 
voltage  for  over  300  h.  Most  of  the  link  resistances 
have  not  changed.  Some  of  those  which  were  relatively 
high  initially  (0.2  11)  increased  to  as  high  as  0.8  11  at 
150  h  and  have  since  decreased.  While  we  do  not 
understand  that  behavior,  it  does  not  seem  to  indicate 
any  problem. 

Unformed  links,  with  and  without  deposited 
oxide  diffusion  barriers  ( 190  A.  both  top  and  bottom), 
have  been  stressed  at  200°C  with  no  voltage  applied. 
Nearly  all  the  devices  without  oxide  barriers  were 
shorted  after  1 20  h.  presumably  due  to  the  Al-Si  inter¬ 
diffusion  reported  previously  ( 15  May  1981  QTS).  In 
sharp  contrast,  the  devices  with  barriers  show  a  very 
low  failure  rate  through  1000  h  although  measurement 
ambiguities  still  remain  to  be  resolved. 

Sintering  experiments  were  performed  at  450°C 
on  link  insulator  structures  with  oxide  barrier  thick¬ 
nesses  of  70  to  130  A.  No  shorting  was  observed  in 
these  devices  after  30  min.,  the  time  which  is  required 
for  our  process.  Longer  sinters  at  w  hich  dev  ice  short¬ 
ing  began  to  occur  resulted  in  an  onset  time  which  was 
consistent  with  a  uniform  reduction  of  silicon  dioxide 
by  the  aluminum  at  a  rate  of  0.44  A  min.  No  evidence 
was  seen  of  premature  shorting  due  to  enhanced  sil¬ 
icon  diffusion  through  oxide  defects,  even  with  the 
thinnest  oxide  barriers. 

Selected  area.  Auger,  sputter  depth-profiling  measure¬ 
ments  were  made  on  a  laser-formed  link  to  examine 
the  link  microstructure.  At  a  probe  dimension  of 
0.7  gm.  a  uniform  composition  of  nearly  equal  concen¬ 
trations  of  aluminum  and  silicon  was  observed  plus 
approximately  10  to  30(<  oxygen.  Since  solid  alumi¬ 
num  and  silicon  have  a  very  low  mutual  solubility, 
the  link  microstructurc  is  presumably  a  two-phase 
mixture  of  aluminum  and  silicon  grains.  The  Auger 
results  suggest  a  lateral  grain  si/e  of  less  than  0.5  gm. 
Experiments  to  determine  the  current  carrying  medium 
in  the  link  are  continuing. 
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l  aser  System 

I  he  inexpensive  2-in.  travel  tables  which  were 
lilted  to  the  laser  system  proved  adequate  tor  initial 
experiments,  but  are  not  suitable  lor  fully  automatic 
operation.  A  more  accurate  VY  table  system  has  now 
been  installed  which  gives  micron  positional  accuracy 
over  a  4-in.  travel.  I  his  will  accommodate  the  3-in. 
waters  and  provide  the  positioning  capabilitv  neces¬ 
sary  lor  the  integrator  and  I  I  1  systems. 

I  he  laser  X-Y  table  is  being  fitted  w  ith  a  lecd back- 
controlled  Z-axis  drive  to  maintain  focus  despite 
watei  nonplanarity  f  ocus  is  sensed  as  a  maximisation 
of  the  mean  magnitude  of  i he  signal  derivative  from 
the  I  \  camera  on  the  laser  microscope. 

We  have  designed  and  lubricated  an  I  ()  bus 
extender  tor  the  Apple  computer  to  accommodate 
luturc  expansion  ot  the  laser  programming  system. 

D.  Wafer  C  arriers 

Ceramic  wafer  carriers  for  the  !.?-  x  1.3-in. 
phase  0  integrator  chips  have  been  lubricated.  1  hose 
arc  based  on  an  alumina  substrate  12.25  in.  ■'  2.25  in.  x 
0.029  in.)  which  is  metallized  iCr  150  A  Au  3pm)  on 
one  side  and  patterned  to  yield  suitable  wire-bonding 
and  lead-soldering  pads.  I  he  leads  are  chcmieallv 
etched  trom  Be-Cu  sheets  and  attached  by  a  hard- 
soldering  process  (Au-Sn  solder).  I  he  chips  arc 
mounted  using  frozen  epoxy  preforms  (IX  I  50h 
Milestik  l.absl.  I  his  chip  bonding  procedure  is  being 
compared  with  conventional  bonding  procedures  A 
major  problem  in  the  lubrication  ot  wafer  carriers  is 
the  nonplanarity  ot  ceramic  substrates. 

IV.  SKMK  ONOl  C TOR  PROCESSING 

A.  Lithography 

I  he  semiautomatic  aperture  system,  which  allows 
separate  images  on  the  same  reticle  to  he  printed  at 
arbitrary  locations,  loi  the  DSW  has  been  installed 
and  is  tally  luiiction.il.  li  operates  with  a  positional 
accuracy  id  '  20  /im.  which  is  quite  saiislactory  with 


the  blocking  borders  currently  used  on  the  reticle  sets. 
A  digital  controller  w  as  designed  and  implemented  for 

this  system. 

B.  Dry  Etching 

The  experimental  single-wafer  parallel-plate 
reactive  ion  etching(RIF.)system  has  been  built  and  is 
undergoing  evaluation.  Preliminary  experiments  are 
encouraging,  arid  detailed  study  of  sidewall  aniso¬ 
tropy  of  the  etched  work  using  the  SEM  is  under  way . 
A  second  Rl  E.  sy  stem  is  also  under  construction  w  hich 
can  he  used  in  either  the  plasma  or  reactiv  e  ion  etching 
mode.  This  will  be  used  to  increase  our  dry  etching 
capability,  particularly  for  micron-geometry  polysil¬ 
icon  definition.  1  (tree  promising  etch  gases  are  being 
evaluated  for  anisotropy,  undercut,  and  etch  selectiv- 
ity  with  respect  to  gate  oxide. 

We  have  plasma  etched  I-  and  2-pmAl  lines  with 
excellent  uniformity  over  3-m.  wafers  with  BCI,. 

C .  Polyimide 

First-  to  second-lev  el-metal  contact  resistance 
through  vias  in  polyimide  on  the  laser  n  -.trueturabie 
link  system  has  been  unexpectedly  poor.  Process  mod¬ 
ifications  introduced  to  assure  compatibility  with  laser 
links  and  CMOS  design  may  be  responsible,  and  a 
number  of  test  runs  are  underway  to  develop  a  process 
which  will  reduce  v  la  resistance  on  luture  R  VI. SI  runs 

D.  CMOS  Processing 

I  he  v  ield  of  CMOS  wafers  at  first-metal  test  was 
improved  by  two  process  refinements.  1  he  standard 
CVD-SiO,  1 1 1 m  was  replaced  by  reflowed  phosphosih- 
caie  glass  ( I’SO)  which  improved  step  coverage  ot  the 
poly  silicon  electrodes,  reduced  the  incidence  o|  erratic 
contact  cuts,  and  eliminated  SiO-  fractures  at  poly  sil¬ 
icon  edges  I  he  I’SCi  is  60  phosphorus  hv  weight  as 
measured  by  the  sheet  resistance  method;*  the  glass  is 
rellowcd  for  30  min  at  1000  C  in  nitrogen. 


'A  C  Adams  and  S  P.  Murarka,  J  Electrochem  Soc  126.334 

(1979i  : 


A  new  clean  has  been  added  to  remove  remnant 
photoresist  which  sometimes  exists  alter  the  standard 
strip  in  an  oxygen  plasma.  A  5-min.  dip  in  a  1:1 
solution  ol  H  ,S()j  and  II ,().  followed  by  a  10-min.dip 
in  a  1 2:2:3  solution  ol  H  .O.  N'H4OH.  and  H,().  heated 
to  85  C  removes  even  heavily  implanted  resist. 

A  four-tube  diffusion  furnace  stack  was  installed 
to  support  3-in.  wafer  processing,  and  a  CMOS  run 
using  3-in.  wafers  was  initiated. 

V.  DEVICE  THEORY 

A.  Nitrided  Oxide:  Kinetics 

[he  experimental  data  for  the  growth  of  the  inter¬ 
lace  nitride  films  have  been  fitted  to  a  kinetic  model 
based  on  the  following  assumptions: 

(1)  The  growth  rate  is  proportional  to  the 
concentration  of  the  nitriding  species  at 
the  oxide-nitride  interface. 

(2)  1  he  growth  rate  is  proportional  to  the 
exponential  inverse  of  the  film  thickness. 

(3)  The  concentration  of  the  nitriding 
species  at  the  interface  is  determined  by 
diffusion  through  the  oxide  less  incorpo¬ 
ration  into  the  growing  film,  and 

(4)  I  he  temperature  dependence  of  growth 
is  due  to  the  fact  that  both  the  exponen¬ 
tial  growth  and  the  diffusion  are  acti¬ 
vated  processes. 

The  data  appear  to  fit  the  model  well  within  the 
experimental  tolerance  ol  the  thickness  measurements. 
I  he  temperature  dependence  is  almost  completely 
that  of  the  exponential  factor.  There  are  at  least  three 
physical  processes  which  have  been  shown  to  lead  to 
the  proposed  thickness  dependences  on  time  and 
temperature:  place  exchange,  vv  herein  a  vv  hole  column 
of  the  film  inverts,  exposing  a  new  silicon  atom  from 
the  silicon-nitride  interface  to  the  nitride-oxide  inter¬ 
lace.  and  tw  o  models  w  herein  a  silicon  atom  is  caused 
to  move  through  the  film  by  an  electric  field  generated 
by  electrons  which  have  tunnelled  through  the  nitride 
film  (the  maximum  film  thickness  never  exceeds  about 


seven  layers).  We  are  searching  lor  unique  physical 
justification  ol  a  single  model. 

We  now  hav  e  successful  models  for  the  formation 
of  inner  and  outer  nitride  films.  Very  preliminary  mea¬ 
surements  indicate  a  substantial  (20  percent)  concen¬ 
tration  of  nitrogen  in  the  oxide  after  v  igorous  ammo- 
niation.  We  hope  to  measure  the  concentration  more 
precisely  and  to  get  some  idea  of  the  binding  of  the 
nitrogen  in  order  to  model  the  process  of  how  it 
happens  to  be  there. 

B.  Nitrided  Oxides:  Radiation  Testing 
and  Electrical  Properties 

Poly-Si  gate  n-channel  IGFFTS  using  10-nm 
nitrided  oxides  were  exposed  to  1.5-McV  electrons  to 
a  total  dose  of  I  Mrad  (Si)  (3  x  10"  electrons  cm-’).  No 
degradation  of  the  threshold  voltage  or  channel  mobil¬ 
ity  was  measurable  after  irradiation.  This  result  is 
significant  since  poly-gate  devices  are  reported  to  be 
"softer"  than  metal-gate  dev  ices.  Ring  oscillators  w  ith 
stage  delays  as  low  as  0.30  ns  have  been  fabricated 
using  this  technology  (reported  in  previous  quarter). 
Six  olthese  oscillators  were  also  tested  using  1.5-MeV 
electrons.  Four  failed  at  20  krad  (Si)  by  sufferinga  loss 
of  most  signal  amplitude.  The  oscillator  frequency  was 
not  affected.  The  cause  of  failure  could  not  be  well 
determined  from  the  available  test  structures:  how¬ 
ever.  published  field  oxide  data  say  that  inversion 
under  the  field  oxide  would  be  expected  at  20  krad 
(Si),  even  for  hardened  devices. 

The  issue  of  charge,  both  fixed  and  surface  state, 
in  both  the  nitrided  oxides  and  the  starting  thin  oxide 
films  continues  to  be  of  concern.  The  Nicollian  and 
Goet/berger  method  for  determining  Njt.*  the  surface 
state  density  in  the  silicon  band  gap.  has  been  used  to 
determine  that  the  density  of  mid-gap  surface  states  is 
usually  10"  states  cm-  eV  or  less  in  both  nitrided 
oxides  and  the  thin  pure  oxides.  Flic  charge  question 
and  effects  of  anneals  are  still  under  study. 

•Bell  Syst  Tech.  J  46.  1055  (1967). 


COMPUTER  SYSTEMS 
CROUP  28 


A  DEC  PDP  1 1  44  computer  and  the  UNIX 
Operating  System  were  installed  during  the  quarter. 
As  previously  reported,  the  1 1  44  will  function  as  a 
gateway  between  the  Laboratory's  Amdahl  V  8  cen¬ 
tral  computer,  the  ARPA  Network,  and  a  developing 
Lincoln  Internal  Data  Link  (L1DL).  An  initial  design 
lor  the  ARPA  Network  software  interface  has  been 
prepa  red. 

I  he  requirements  for  processing  power  to  serve 
the  batch  load  are  not  only  growing  at  a  faster  rate 
than  the  interactive  load,  but  now  dominate  the  total. 
1  his  tact,  combined  with  a  decline  in  the  relative 
power  ol  new  commercial  processors,  dictates  a 
change  in  the  past  pattern  of  serving  the  Laboratory's 
batch  and  interactive  computing  needs  with  a  single 
processor  operating  in  alternate  modes.  A  more  gen¬ 
eral  solution  involving  multiple  processors  in  a  dis¬ 
tributed  configuration  is  probably  the  direction  for 
future  development.  I  he  network  will  bea  part  of  that 
evaluation.  However,  to  handle  a  significant  increase 
in  batch  work  in  this  fiscal  year,  a  small  Adjunct 
Computer  will  be  acquired. 


The  Adjunct  will  be  compatible  with  the  main 
system  and  will  process  batch  work  on  a  lull-time 
schedule.  Simple  lile-sharing  communications 
between  the  existing  Amdahl  and  the  Adiunct  will  be 
prov  ided  by  two-channel  connections  to  direct-access 
storage  devices  and  a  channel-to-channel  adapter 
between  the  two  computers.  The  Adjunct  will  also  be 
capable  of  independent  operation  so  that  it  can  pro¬ 
vide  special  priority  service  or  classified  data  processing. 

The  data  communications  sy  stem  is  undergoing  a 
major  reorganization  to  take  lull  advantage  of  a  new 
Laboratory  telephone  system  which  will  be  installed 
next  quarter.  Generally  •  terminal  equipment  presently 
connected  by  direct  wire  to  the  central  tacility  will 
remain  in  place  without  change.  Connections  that  are 
part  of  the  new  telephone  sy  stem  from  remote  Labora¬ 
tory  buildings  w  ill  be  able  to  operate  in  digital  form  at 
higher  data  rates  than  those  permitted  by  the  current 
analog  system.  Even  external  users  accessing  the  sys¬ 
tem  over  telephone  company  lines  will  benefit  from 
easier  connection  procedures. 
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GaAs  Shallow-Homojunction  Solar 
Cells  on  Epitaxial  Ge  Grown  on  Si 
Substrates 

R.P.  Gale 

B-Y.  Tsaur 

J.C.C.  Fan 

F. M.  Davis 

G. W.  Turner 

Proc.  Fifteenth  IEEE  Photovol¬ 
taic  Specialists  Conference  — 

198L  Orlando,  Florida,  12-15  May 
1981.  pp.  1051-1055 

5532 

Cathodoluminescence  Analysis  of 
Polycrystalline  GaAs 

J.P.  Salerno 

R.P.  Gale 

J.C.C.  Fan 

Proc.  Fifteenth  IEEE  Photovol¬ 
taic  Specialists  Conference  — 

1981,  Orlando,  Florida,  12-15  May 
1981.  pp.  1174-1178 

5533 

GaAs  Shallow-Homojunction  Con¬ 
centrator  Solar  Cells 

G.W.  Turner 

J.C.C.  Fan 

R.L.  Chapman 

R.P.  Gale 

Proc.  Fifteenth  IEEE  Photovol¬ 
taic  Specialists  Conference  — 

1981,  Orlando,  Florida.  12-15  May 
1981.  pp.  151-155 

5563 

Sputtered  Films  for  Wavelength- 
Selective  Applications 

J.C.C.  Fan 

Thin  Solid  Films  80. 

125  (1981) 

5619 

High-Performance  GalnAsP/InP 
Avalanche  Photodetectors 

V.  Diadiuk 

S.H.  Groves 

C.E.  Hurwitz 

G.W.  lseler 

Proc.  SPIE,  Vol.  272:  High  Speed 
Photodetectors  (Society  of  Photo- 
Optical  Instrumentation  Engineers. 
Bellingham.  Washington.  1981). 
pp.  17-21 

5620 

Intracavity  Loss  Modulation  of 
GalnAsP  Lasers 

D.Z.  Tsang 

J.N.  Walpole 

S.H.  Groves 

J.J.  Hsieh* 

J.P.  Donnelly 

Proc.  SPIE.  Vol.  269:  Integrated 
Optics  (Society  of  Photo-Optical 
Instrumentation  Engineers.  Bel¬ 
lingham.  Washington.  1981). 
pp.  81-83 

5632A 

InP  Optoelectronic  Mixers 

A.G.  Foyt 

F.J.  Leonberger 

R.C.  Williamson 

Proc.  SPIE.  Vol.  269:  Integrated 
Optics  (Society  of  Photo-Optical 
Instrumentation  Engineers.  Bel¬ 
lingham.  Washington.  1981). 
pp.  109-114 

5640 

Guided-Wave  Electro-Optic 
Analog-to-Digital  Converter 

F.J.  Leonberger 

Proc.  SPIE.  Vol.  269:  Integrated 
Optics  (Society  of  Photo-Optical 
Instrumentation  Engineers.  Bel¬ 
lingham.  Washington.  1981). 
pp.  64-68 

5672 

Junction  Formation  by  Solid-Phase 
Epitaxy:  A  Novel  Low- 
Temperature  Technique  for  Effi¬ 
cient  Si  Solar  Cells 

B-Y.  Tsaur 

G.W.  Turner 

J.C.C.  Fan 

Proc.  Fifteenth  IEEE  Photovoltaic 
Specialists  Conference —  1981. 
Orlando.  Florida.  12-15  Mav  1981. 
pp.  257-258 

‘Author  not  at  Lincoln  Laboratory. 
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5696  Applications  of  InP  Photoconduc- 
tive  Switches 


5726  Thin-Film  GaAs  Solar  Cells 


J.C.C.  Fan 
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5783  A  New  CCD  Parallel  Processing  A.M.  Chiang 
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pp.  666-672 
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(Computer  Science  Press. 
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Films 
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Laser  Microreaction  for  Deposition 
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Accepted  by  Appl.  Phys.  Lett. 

5261 

Techniques  for  Electron  Beam  Test¬ 
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Cryogenic  Operation  of  Submil¬ 
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H.R.  Fetterman 
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C  D.  Parker 

N.R.  Erickson* 
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Infrared  and  Millimeter 

Waves 

5269 

The  Permeable  Base  Transistor  and 

Its  Application  to  Logic  Circuits 
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G.D.  Alley 

Accepted  by  Proc.  IEEE 

5270 

Production  and  Annealing  of  Ion- 
Bombardment  Damage  in  Silicides 
of  Pt.  Pd  and  Ni 

B-Y.  Tsaur 

C.H.  Anderson.  Jr. 

Accepted  by  J.  Appl.  Phys. 

5276 

N-Channel  Deep-Depletion 
MOSFETs  Fabricated  in  Zone- 
Melting-Recrystallized  Polysilicon 
Films  on  SiO: 

B-Y.  Tsaur 

M.W.  Geis 

J.C.C.  Fan 

D.J.  Silversmith 
R.W.  Mountain 

Accepted  by  Appl.  Phys.  Lett. 

5279 

Zone-Melting  Recrystallization 
of  Encapsulated  Silicon  Films  on 
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M.W.  Geis 

H  I.  Smith* 

B-Y.  Tsaur 

J.C.C.  Fan 

E.W.  Maby* 

D.A.  Antoniadis 

Accepted  by  Appl.  Phys.  Lett. 

5291 

Electrical  Properties  of  Laser 
Chemically  Doped  Silicon 

T.F.  Deutsch 

D.J.  Ehrlich 
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D.J.  Silversmith 
R.M.  Osgood.  Jr. 

Accepted  by  Appl.  Phys.  Lett. 
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•Author  not  at  Lincoln  Laboratory. 

+ Titles  of  Meeting  Speeches  are  listed  for  information  only.  No  copies  arc  available  for 
distribution. 
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D.J.  Ehrlich 
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T.F.  Deutsch 
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HerzIia-on-Sea.  Israel. 

21-25  September  1981 
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T.F'.  Deutsch 
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14  October  1981 

57I7A 

High  Quality  MOSFETs  on  Silicon 
Films  Prepared  by  Zone-Melting 
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B-Y.  Tsaur 

Seminar.  Hughes  Research 
Laboratory.  Malibu. 
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57I7B 

Growth  of  Large-Area  Device- 
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B-Y.  Tsaur 

Materials  Science  and  Engineering 
Seminar.  Cornell  University. 
Ithaca.  New  York. 
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57I7C 

Preparation  ot  High-Quality  Silicon 
Films  on  Insulators  by  Zone- 
Melting  Recrystallization 

B-Y.  Tsaur 

Seminar.  RCA.  Princeton. 

New  Jersey.  1  October  1981 

5720 

Laser-Photochemical  Techniques 
for  VLSI  Processing 

D.J.  Silversmith 

D.J.  Ehrlich 

T.F.  Deutsch 

R.M.  Osgood.  Jr. 

VLSI  Technology  Symp.. 

Maui.  Hawaii. 

9-12  September  1981 

5724 

Monolithic  Integrated  Receiver 
Technology  for  the  Millimeter  and 
Submillimeter  Wave  Regions 

B.J.  Clifton 

Accepted  by  Proc.  Eighth  Biennial 
Cornell  Electrical  Engineering 
Conf..  Cornell  University.  Ithaca. 
New  York.  I  M3  August  1981 

5751 

Experimental  and  Theoretical 
Analysis  of  Temperature  Depen¬ 
dence  of  Wideband  SAW  RAC 
Devices  on  Quartz 

D.M.  Boroson 

D.E.  Oates 

5752 

High  Performance  Elastic  Con¬ 
volver  with  Extended  Time- 
Bandwidth  Product 

1.  Yao 

1981  Ultrasonics  Symposium, 
Chicago,  Illinois, 

5755 

Compact  Multiple-Channel  SAW 
Sliding-Window  Spectrum 

Analyzer 

D.R.  Arsenault 

V.S.  Dolat 

14-16  October  1981 

5756 

A  SAW  Tapped  Delay  Line  with 
Short  (15-ns)  Pedestal  of  Delay  and 
High  (1 10  dB)  Feedthrough 

Isolation 

D.E.  Oates 

R.W.  Ralston 

5753 

Slider  I  PE  of  Hgi  -xCd\Te  Using 
Mercury  Pressure  Controlled 

Growth  Solutions 

T.C.  Harman 

U.S.  Workshop  on  the  Physics 
and  Chemistry  of  Mercury 
Cadmium  Telluride,  Minneapolis, 
Minnesota,  28-30  October  1981 

5796 

Research  at  the  Limits  of  Micro- 
structure  Fabrication 

D.C.  Flanders 

Microcircuit  Engineering  ’81, 
Lausanne,  Switzerland. 

28-30  September  1981 

5804 

High-Speed  Electrooptical  Signal 
Processing  Devices 

F.J.  Leonberger 

Integrated  Optical  Technologies 
for  Sensing  and  Signal  Pro¬ 

5831 

Integrated  Optical  Devices  for 

L.M.  Johnson 

cessing,  M.I.T.. 

Temperature  Sensing 

. 

22  September  1981 

5804A 

High-Speed  Electrooptical  Signal 
Processing  Devices 

F.J.  Leonberger 

Optics  and  Quantum 

Electronics  Seminar,  M.I.T.. 

14  October  1981 

5807  Monolithic  Integrated  Receiver 

Technology  lor  the  Millimeter 
Wave  Region 

5821  The  Development  of  Monolithic 

Circuits  for  Millimeter  Wave 
Svstems 


5809  Theory  and  Status  of  High  Perfor¬ 
mance  Heterodyne  Detectors 


B.J.  Clifton 
R.A.  Murphy 
G.D.  Alley 

A.  C'hu 

W.E.  Courtney 

I. .J.  Mahoney 
M  E.  Elta 

J. P.  Donnelly 
CO  Bozler 

D.l  .  Spears 


Ninth  DAR PA  Tri-Service 
Millimeter  Wave  Conf., 
Huntsville.  Alabama, 

20-22  October  1981 


SPIE  25th  Annua)  Inti.  Tech. 
Symp..  San  Diego.  California. 
26  August  1981 


MS  No. 


5813 

Elect  rooptics  and  Optical  Signal- 
Processing  Devices 

R.C.  Williamson 

NATO  Panel  111  Mtg., 

Lincoln  Laboratory, 

28  August  1981 

5829 

Analog  processing  with  Supercon¬ 
ducting  Circuits 

F..  Stern 

Workshop  on  Josephson  Digital 
Devices,  Circuits,  and  Systems. 
Watervillc  Valley,  New 

Hampshire,  10  September  1981 

5848 

CiaAs  Microwave  Device  Packaging 
Concepts 

W.  Macropoulus 

IEEE  Boston  Chapter  Mtg.  on 
Components,  Hybrids  and  Manu¬ 
facturing  Technology.  Lincoln 
Laboratory,  14  October  1981 

5850 

Laser  Remote  Sensing  of  .let  Air¬ 
craft  Exhaust  Using  a  CO;  1.1DAR 

D.K.  killingcr 

N.  Menyuk 

DoD  Mtg.  on  Optical  Radar  Sys¬ 
tems,  Naval  Surface  Weapons 
Center.  Silver  Springs.  Maryland. 
20-22  October  1981 
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I.  SOLID  STATE  DEVICE  RESEARCH 

The  series  combination  of  a  semiconductor-diode 
gain  element  and  an  optical  fiber  has  been  operated 
inside  an  external  cavity  with  an  output  at  a  single 
wavelength  and  a  linewidth  which  was  less  than  the 
measurement  limit  of  1.7  x  10'  nm.  The  work  is 
aimed  toward  demonstrating  the  feasibility  of  coupling 
semiconductor-diode  lasers  in  parallel  by  using  optical 
fibers  and  thus  verify  ing  the  concept  of  a  semiconduc¬ 
tor  laser  system  with  average  power  up  to  the  order  of 
kilowatts 

InP  optoelectronic  switches  have  been  fabricated 
which  have  fast  response  times  <<  100  ps)  and  high 
electron  mobility  (  -  1000  cm  V-s)  following  proton 
bombardment  and  anneal.  1  hese  devices  are  well 
suited  lot  high-speed  sampling  and  mixing  applica¬ 
tions.  especially  those  which  requite  the  absence  ol  a 
DC  offset  and  or  a  high  degree  ol  isolation  between 
the  local  oscillator  and  output.  Other  applications, 
such  as  optical  detection,  could  make  use  of  the  high 
speed  ol  these  devices. 

Hole  dillusion  lengths  in  n-lnP  ol  12  /on  have 
been  determined  by  measuring  the  increase  in  collec¬ 
tion  efficiency  of  an  InP  avalanche  photodiode  as  a 
function  ol  reverse  bias  I  his  dillusion  length  is  nearly 
an  order  ol  magnitude  greater  than  the  previously 
repotted  values  measured  by  surface  pholovoltage 
and  electron-beam-induced-current  ( EBIC)  techniques. 

A  4-bit.  275-MS  s  guided-wave  electrooptic 
analog-to-digitai  converter  has  been  demonstrated 
The  dev  ice  consists  of  a  mode-locked  Nd:  V  ACi  laser, 
an  array  of  I  i-diltused  LiNbOi  interferometric  modu¬ 
lators.  a  Geavalanche  photodiode,  and  a  special  high¬ 
speed  Si  integrated  circuit. 

Planar  Hg-dittused  Hg.sjCdo  i-„  I  e  photodiodes 
have  been  fabricated  and  operated  at  20  K  with  cutoff 
wavelengths  ol  over  20  gm  and  response  times  of  less 
than  0.6  ns  at  a  wavelength  ol  20  gut  I  hese  devices 


are  being  developed  for  use  as  w  ide-bandw  idth  heter¬ 
odyne  receiv  ers  at  28  gm  for  astrophvsical  applications. 

II.  QL  ANTI  M  ELECTRONICS 

Remote  sensing  measurements  of  the  toxic  com¬ 
pounds  hydra/ine.  unsymmetrical  dimethylhydrazine 
(liDMH).  and  monomethylhydrazine  (MMH)  have 
been  cariied  out  using  1.1DAR  returns  from  a  dif¬ 
fusely  reflecting  target  located  2.7  km  from  the  labora¬ 
tory  .  The  results  indicate  that  atmospheric  fluctuation 
is  the  dominant  factor  limiting  the  detection  sensitivity 
of  these  compounds  ov  er  ranges  between  0.5  and  5  km. 

Raman  measurements  of  the  stress  in  silicon-on- 
sapphire  device  structures  have  been  carried  out  with 
an  approximately  l-gm  spatial  resolution.  The  mea¬ 
surements  indicate  substantial  reduction  of  the  stress 
near  the  edges  of  6-gm-wide  structures. 

A  planar  antenna  has  been  designed  which  will 
serve  as  a  subarray  element  in  an  imaging  array 
intended  for  operation  over  the  range  140  to  700  GHz. 
Scale-model  measurements  have  been  carried  out  at 
X-band  which  show  that  the  radiation  pattern  of  the 
antenna  is  suitable  for  such  an  array. 

III.  MATERIALS  RESEARCH 

In  Si  films  prepared  by  /one-melting  recry stalli- 
/ation  of  polycrystalline  Si  on  SiO.-coated  fused 
quart/  and  sapphire  substrates,  the  carrier  mobilities 
are  significantly  influenced  by  stress  which  occurs 
because  the  thermal  expansion  coefficient  of  Si  is 
much  higher  than  that  of  fused  quart/  and  less  than 
that  of  sapphire.  Because  the  films  on  SiO.-coated 
fused  quartz  are  under  strong  tensile  stress,  the  elec¬ 
tron  Hall  mobilities  in  these  films  are  about  75  percent 
higher  than  those  in  films  recrystalli/ed  on  SiO- 
coated  Si.  and  the  electron  mobilities  in  n-eltannel 
MOSFE'I  s  fabricated  in  the  films  on  fused  quart/  are 
even  higher  than  those  in  similar  devices  fabricated  in 
bulk  Si  single  crystals. 


IV.  MICROELECTRONICS 


Single  crystals  of  InP  that  are  dislocation-free  up 
to  a  diameter  of  about  20  mm  have  been  grown  by  the 
liquid-encapsulated  C/ochralski  technique,  without 
impurity  doping,  by  increasing  the  thickness  of  the 
B;Oi  encapsulant  layer  to  reduce  the  radial  tempera¬ 
ture  gradients  in  the  grow  ing  boulc.  X-ray  topography 
and  CO;  laser  transmission  studies  have  shown  that 
impurity-doped  l.EC  crystals  contain  prominent 
grow  th  striations.  probably  produced  by  random  con- 
section  currents  in  the  melt,  that  are  associated  with 
abrupt  changes  in  dopant  concentration. 

The  lateral  vapor-phase  epitaxial  growth  of  InP 
over  insulating  films  on  ( 100)  InP  substrates  has  been 
studied  as  a  function  of  orientation  in  the  plane  of  the 
substrate.  Significant  lateral  growth  is  found  to  occur 
tor  non-low-index  directions  because  the  growing  lasers 
are  hounded  by  intersecting  low-index  facets  that 
lorm  corners  which  act  as  nueleation  sites. 

Good  electrical  activation  of  Se-implanted  GaAs 
has  been  obtained  by  using  a  simple  graphite  strip 
heater  for  transient  annealing  at  temperatures  between 
000  and  1140  C.  from  the  decrease  in  sheet  resist  i\  - 
tty  and  increase  in  sheet  carrier  concentration  observed 
over  this  temperature  range,  it  is  probable  that  still 
better  activation  can  be  achieved  by  annealing  at 
higher  temperatures  either  with  a  better  encapsulant 
or  in  an  atmosphere  with  controlled  arsenic  vapor 
pressure 

Since  the  usefulness  of  transition-metal  silicides 
lor  a  variety  ol  applications  in  Si  integrated  circuit 
technology  depends  on  their  sensitivity  to  ion  bom¬ 
bardment.  sheet  resistance  measurements  on  polycrvs- 
tallinc  tiltns  ol  seven  silicides  have  been  used  to  study 
the  production  ol  damage  by  \rK-ion  bombardment. 

I  he  sensitivity  ot  the  compounds  to  bombardment 
increases  in  the  lollowmg  order:  Pd. Si.  Pt.Si.  PdSi. 
Ni-Si.  PtSi.  NiSi.  NiSi  :  the  heat  ol  lormation  per 
nrctalatom.  which  is  believed  to  be  correlated  with  the 
degree  ot  covalent  bonding,  increases  in  the  same  order. 


A  novel  etching  technique  has  been  developed 
w  hich  is  similar  to  reactive  ion  etching,  but  allows  the 
independent  control  of  the  energetic  ions  and  the 
chemically  reactive  flux.  The  technique,  called  ion- 
beam  assisted  etching  (IBAE).  provides  high  etching 
rates  and  the  ability  to  etch  a  variety  of  structures.  By 
using  argon  ions  and  a  reactive  flux  of  Cl;.  GaAs 
surfaces  etched  by  IBAE  can  be  made  of  sufficient 
quality  for  many  device  applications. 

IBAE  has  been  used  to  etch  the  channel  for  a 
recessed -gate.  GaAs  MESFET.  A  250-gm-wide  dev  ice 
w  ith  a  1  „l-fim  gate  has  a  transconductance  of  20  mS. 
This  value  of  transconductance,  which  compares 
fav  orably  vv  ith  dev  ices  vv  hose  gate  recess  was  etched  by 
conventional  techniques,  indicates  that  IBAE  has  the 
potential  to  be  an  important  processing  technique  for 
GaAs  microwave  devices. 

V.  ANALOG  DEVICE  TECHNOLOGY 

Surface-acoustic-wave  technology,  which  was 
recently  used  to  demonstrate  short -pedestal-ol -delay 
fillers,  has  been  extended  to  provide  wideband 
(=100  MHr)  multipath  simulators.  Edge-bonded  input 
transducers  give  both  large  (>l  2)  fractional  band¬ 
width  and  high  0 100  d B )  feedthrough  isolation. 
Split-finger  interdigital  output  transducers  are 
apodi/ed  and  random-phase  encoded  to  provide  a 
noise-like  impulse  response. 

An  elastic  convolver  with  time-handwidth  pro¬ 
duct  ol  2200  has  been  demonstrated  which  incorpo¬ 
rates  a  parabolic-horn  acoustic  beam  width  compres¬ 
sor  lor  high  elliciency  (-hd-dBm  efficiency  factor),  a 
dual-track  configuration  with  orthogonal  transducers 
lor  sell -convolution  suppression  t  -42  dB).  a  simpli¬ 
fied  output-combiner  circuit  lor  temporal  unilormity 
(±0.5  dB.  ±5  ).  and  a  chirped-transducer  design  lot 
low  spectral  phase  distortion  (<  i  20  ).  I  Ins  low-cost, 
compact  device  can  provide  programmable  matched 
filtering  ol  minimum-shilt-keyed  wideband  spread- 
spectrum  signals  within  0. 15  dB  ol  ideal  performance. 
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